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ABSTiACy
Glacial icrborgs contain Tare o anouauts of nitryate, en S ortant phyto-
i
plankton nutricat. Low densily icehery meltwater, in risins, mizes with ’
|
;
cuphotic zore waler nearby, whorein NO, Qs in low concentratinon,  Rising :
i
. . . ‘
nelteater way also entradn nulrvicent-rich Goeopor wators and v iise them to ]
|
sunlit doptlhin.  Sixteen vertical profiles of nutricnts (PO, “lo,, $i0,),
chlorophyll-a, and physical paramelers were talien near a Goonland doechorg
at. ~50°N, 50° in May-Junce 1930, Chlorvophy1l profiles show wory prononnead
maima at or jist below Lhe weddmee vabte of chomge of witor IToneity voo dopthy
profile fores arve heterogensous (no "typical® fore i evidooo) . No wnlincos
went of chlorophyll concentration was found re distone: Tror o divection o
‘ the iccberg.  Bffects of nixing on NO, concentralions ave v oo rina 1y doleat el T,
bub no 'wake' or 'downwind' ofScets wore obsoxved.s The dool o dona not o e
3 to grossly perturb wate: colurn plant bhiclouy soariyyy, bLutl i omures of roatos of

o 4

prodactivity micht show othe vsise, pavtioculoxly ncor lavaes

3‘ icebergs.
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Clacinl iceboerygs are a prouinent feature of sowe high=7"ituwle wators,

such dceborgs contain sigoificant avounts of nitrate (RO), &n drpor tand

natricent for phytoplankton (Parker ot al., 1978). This RO is anparently

produaced in the ouber atwosiplicre (Wilsen and House, 1969%; Tavher ot al.,

1976) ; any 10, that entors the lover atwosphiere at high laticad o may bo

A S

viashed outt of the atmosphore in spowfall.  Bocause ambicont Looocooralures

prectude plant growth in some of those arcas (c.qg. contral St

o st asctyer and

tho Greentand interior), such RO; accumulatoes in snowjack a0l evontually

reashes Lhe occan incorporated into glacial doole ago.

Most anmmucrl hretic dccbieryg production nmelts

within o v, allthough a

fow individunal Arctic iccohorvgs take longor. Much of an iect ogt's e iting

takes place on the surfare of the borg which 1o atov

cspecially in the surfl zozeo ATE wolting o bhorgy Lite and crowlevs produced

by mass wastago of iceborgs alao tabes place din the wooeorno o8 fow tens of w

of water. Teeborg melling conld have dpgast

Jorrtant oftcels won aroath of phyto-

plankton nearby.  Much or post dcoberdg v lting tahos plase &

of the year, whon sunghin . ia hright ot and in arcas wheroe orosth vate of phy-

torlankton 1o light=limit~d oot of the yoar (hanbay, 1963) 00 o it of yoor

vhon iccbargs are melling fastoest alen has the calmest weathver and stronsgest

therrocline devolonnment, honce has sindvnl wowords mixing of »loant nutrio ot

into Lt

top fow 108 of 50 of water (The cuphntic zone, where theetoplanX&ton

GrovsUic 1o poncible) from et vient-rich, bhut .

unlit, decpyry waters Thus et

" 4 "
1

Toast Tour fartors soogg st the possibilily of an

Tcehorg « F900t

ot valor—
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covunn biolodgy near melting Loehergs: (V) dopth of waxirig: Cing (thicrvme

cline to surface); (2) tiwe of year of raxioen 1t ing (su -, with bricht
sunlicht); (3) dceberg-horne mtricents (espaocially 10,); ool (2) poosibic
upwards flow of fresh, low density naeltwateor, which could ot by atriont
rich deeper warer and carry nutrients into tho cuphotic zonme (o Neshiybo,
1977; Josi:erger, 1978).  Meltwater from jcchorgs may contritac. to the grong
vertical teigporature and salinity structure of large arcas su b oas the Wedisl

1 o o

Sea (Huppoert and Turney, 1978), and in parts of the occan whivre dcebh vrgo ane

comiion, biological cffects, if they oxist, could have in (e agy-egato a si

S E

uificant offect upon the general biclogy of & large crca.

I report hore on a preliminary sooreh for possible steors; of fects of

icebhoerg melting on plant biology nearly.

MATERLIALS ALD MITHOS

An iceberg <160 moin plan-vicew diavnetoer, with poxiram omooosed helight

~25-30 m, was loecated frow USCCE Fvergrveen on 27 Faiy 19890 at 497508, HooW

(rig. 1). The Evergreen followed thne icehorg for soveral

Yo, ROVe T boving

off forther than about 2 kme Sistessn 20-Loltle hvdrocast s weve obloinsd
botweon 1100 (Tocal tins) 29 iy 1980 and 2030 01 June 1080 (Tig. 1, T.hy. 1),

Canst #1 was 2 partial failure and 1 often not included dn acclyacss Hach

cacl wont to either 134 1 (ansen bottles @ 7 wmointervals: cants #11-0G) or
. . b 4
130 i (bettles 17 o intoreats: casts E7-106) (rable 1) . o cach cast, all q

Batt e woere sanpded for eldoraphy1l-0 concentyation (por Striilan? and




Parsons, 1968) . Nansoen bolttles woere shaken befove savplos weroe deowng

phvtoplankton were vacuunt £iltered onto Whatinon GFC glass fibre fi1ters,

and chlorophyll was extracted by imreercing cach filter in 10 01 of 0.

acetone/10% dislilled watoer solution for 24-48 hours at 4°C.  Chloroplyll-a

vas detoermined with a Turner modn1 110 flurometor; sampleoesn

vere serially diluted when necessary.

A

: Yvery Ransen sample was also analyzed for conrenlrations of dissolvd

phosphats, nitrate, siticale, and nitrite (itrate dita a= not treato? hoerse),

Fach 125 ) sample was preserved by aoidification willt 0.5 2 of 171 U0 and

scaled in o washed polycethylene bottlo.  Chomizal avedyi oo v oo comnler o8
within threc months at Scripyps Instilution of Ococro prapler 0 -1 @

Chomical Ovcanographic Data Facility. Hydrogro® s Sala w v ol togined with
a U 8. C.G. Plegsey CFD, Hansen hottles wore G <o o Lo 00wl G

i f

ordsy to obbtein shaaltancous CTD/bobttle dat...

i wWo entablished Awo crossed lines of stob o, ¢ b v 0 0 Ul G
]
4 : berg., One line extended down the Tine of Qriir, w07 vt o G o
i
. and in the wolle of the dooborg:s the oth v ocmtoond 0 0 Lo e it Ty 2 daht

anglos to the firsl (FMig. 2). Paclho avicol Ple ot on dned o) stat jons ab £

. S
\ ‘noear' (HG0-100 m), "ridddlet (LO0-300 1, ot "ot (200-00 1) Jdist oaoon 1
!

(ig. 2).

cooctations (15, 16) wone ipted ol ant 2000 & ot sod of the

tcckiory to provida infor=otiien on codi*Tons Leyond s inflacace (1.,

"far-fiela”

con’itions) . Winds were osla thiroughout.  The icebory drifted
Gonevelly castward for the first 10 stations, thon went south and west:

rositions in Piguaoe woro obtained with aate I ite caviaat fog,
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_(“_iwll.(,)i\().}iﬂ)'_l,.I.‘. AL all «iidions there were rvonounced chlosonhy L mrotimgg
wost ozcurrad ot aboubl 30 50 (eog. Pig. 3: station ¥10). Coree ptrations

above this abrupl maxiow were wnd forne and Tow relative Lo the paximee (el

Fig. 3, stations 4=-13). On soveral stalions thorve wos a eloear socond pasinom
at nuch greator doptlhe (7100 e Fig., 3, station. 2, 3, 1), ¢ stations 3
and 15, chlorophyll concentyabion ab the door ropoctivnam was ™ tnat at the

shallowor maxite,  Analyasces of CPD Jdata, nalyient data, acd cast records

from double-mn

inan statiovns guggest that thie Sowdl rasivg e pob rosulls

ofl sampling problems {(e.g. pro-tripping of Harcon bolile string:).

Rbrupt incraases in chlorophyll concontvations ot th - raninen ocour

nearly depthr-coineident with abrupl changen in Soncily (as

sl Pig. 4).
Ir the cleorrest profiles (e.a. FPig., 4) thoe sordo with the Licn ot ehlorophe 1
concontratiion always occur at or drmediotely holow tha denth ¢f marimny ven-

tical gradient in sigma-t (Pig. 5 see aleo Shmlenberger awd Reid, 1950).

There was no relation Lotvoen bearing to the icchery and stvength of
crlorvophyll manimun (Fig. H) or belveoen beaving and depth of ohilorophy 1l
mawimme (Itig. 7). There wos no discornablo teadoncey fov incs asineg dis-
similarity of chloconhy'l pecfiles (30> 0020, oluogore™ Snis o7 Lent; Solal
and Rohl17, 1969) with dvoros dng station coparation (Pig. 8) . There was no
tenency for profiles tah.on on a particuls . Yoaring to be noce girilar than

woers profiles taken on Gifforent Learings (Fig. 9).  There was no tondoney
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for samples taken clone Lagther in i Lo hawe nove 6i.1dr

samples taken further apart in Cipe (Fig. 10),

RO, PO, aud $10, all sl
than helow the ryenooline; all showsd shar

pyenocline, and all vavied sinmul toancow

'J ratboe,
0.16 to 0.86 i 1 ',

concentration and distance From t.. Jectierg

covrelation v, = .03
IS

.

13 shows no obhwvious rolationship hotwoa o i

LB

to the beorqg.

Al cach stalion, m:an NO L concentration was ¢oloulal od for w1l

fro above the thormeolineg; these valiis chowel no correlabion wWitio il

from the iachorg (rd = 0.25%; P>0.25) (Vig.

from the icebarg (Fig. 15).

. Phosphat o ¢

B

wore made ag for NOL; st lar rosulta were ol
N

RS

Concentrations of nitval.

There was no significant corre!

{

\

[ - . T sy 1 en DI
Pave conecentrations and diveclion

W eilicate. For PO and

there vas no sigoificant covrelalion (Lol p o

T herg ond cither curfac: values or 1o on (gleh
For bolh nutrients neitie » Pootaemebor slon b

the deeboarg,

vy

LI

Tnuch lTower concontrar 1O Yo

in surface

S Yip ot

1

P>>0.20; Tato and Clelland, 19457)

1Y, and 1o

S$10, the

inaed, o

¥

relat
TR

vobe.t

ropro®©ilos then

Ppochumges in concont vorion ot 4 he

y annd in the soame Airoct.ion (Fio 11).

.

ation boeteeon sarfooe

GLile e

(Fig. 1) Piguso

S
[SOFSLTN

don to dirvec! ion

cateulat fony

h &0 and 1)

0.20) botwoen Giston, v to Lk

cirtyat ion

g

aboy ¢

the theroe i,

velalion 1o dircction froa




3. Nubricnls in Techoerg Toe,

Two sar

Tes of dechoerg 20 wore cnalysod:

nutrvient concentrations were much highor (hon thoss da aur fase waler oy don

2%

(Al in pn 1_l)~

Taolmrag somple |1 Teobarg sor e 2 B average (v 16)

KO 9. 50 G 27 0.33
ro, 1.14 1.65

$io, 6.35 6.75

}}!Z\E‘HY:‘«-(" yHUMI

LY STRUCTUR

oo Table 2 prcoents the voan of tho

absolute values of chonges of Ot botweon sus

Cerive b odetn points "i/':’)'t ")

for cach 5 m dopth incroment on cach cust. At ten (of 16) siabions, Cin doto

wore oblained Loth above and below the chiloroyl 0]

sinons O Tee 3) . ™n

cight of thoce 10 profile«s, the chlorophvll mamisur ol r:'r:in;\:..i-;'”Tt ("?’\:vt--r'.:‘;:")

coincided or wvere in adjacent b m intorvals (Table 2). The ohloropby)l

masiinum noever occurred shallower than did . There are also six

stations (#s 3, 4, 7, 11, 13, 15) whevre al Teast two § mointorvalas shillowor

than /\')t—m:n; vere snceo=asfully sampled Tor OTD data. At all six stations,

the breeh bLotweon /\.\"t valuaes shallowey than -"'it"':l:vzx:\' and /\'Tt-:“it:»: is abrupt

(g, statlons 4, 1%), as is tho retuve to lower /3 valurs at

i

groealber doplhv

("Pabhle 2).

Table 3 resnlts {ror a wearch for of Tont

soof distance from the icoh oy

on drpth and nirength of the break in Ot. The threo strongest breaks in

oocity b the tice profiles takon closest o the dcchorg. This s probably
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. 8 . . .
not due Lo choanee (P 31/10Y, about 2 x 10 7, given rands o oo Ciings), and

indicates a "distance offeel’ upon strongth of .'-11 (i.c., ¢ “Lenptness of

the pyvenostine).  There appears to be no coveclalion bedves 8 th at vhicel

A0 pax occars and cither distance o the dechorg Tabte 3) L5 atveng!h of
t ’

/\at_vr»:x:-: Yable 3). 0 Thoere is no relation BEolwocn strengtin of 0 =ieax and

L

to the tceberg (Mg, 16) .

DTS o]
CHLORDHGYIL . Maxiam chlorophy Il valu s (Pabhiio 1) b Tato fun
ohviaous grour:s: I and 12360 & PGt wal v
soeem Lo break dnto the o crouns (P00 ¢ 1YL Tantc ST fer . L e lation
(Tate and Clelland, 1957 of water dronih o with

chlos - 711 valuee (16

stations) gives Yoo ~0.626 (0 - 0.01), socgeostirg oo ootvonn = 2 izionshily,
S c C : : !

Tovever, one may use the s R e dge b

GBoAheare dn e covions grouning

of valucs to furthor investigole

Ve dlat bonsh

Thoere oe 10610 possiblo

rankings of stalions by depth (given ne ties, o Toble 1) T gsuin of

Vo

(for watoe:s doptha) of stationg 12-10 17. Toweo thane OF o7 T 0 1G0T poanit o
} i

ranking: could heve produs.d o oeona of vonin 2017 for thos Lo cions, bone.
the probhabilily thod s arocbryony et oouvs di 1o randd oo <
s
N . PR . . ¢
cacondingly so0tt (P 2(nr /), 6 x L0 ), Ranting eyt 0 Lidnnan
chlororty b values only vt hi o oatations =11 gives v =0, 7570 (nonsigni 06 -
S d ¢
cont, PRE0,20). This suggests thot the ot h-chlorophyl ! v Yol ionshitp 1o
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indocd dichotornus (por Table 1) vather than Vincar, and thet a1y ot all

stgnificance scen in the overall dota scb (i.ce., Yq o -0.6260, v 0.01) is
¢

cau 4 by the dichotony.

The five Jowest values of integrat od chlorophyll (i.c., per

avea from g to :/‘m‘l") arce staiions 12-16 (Pable 1), Given the two o-priori

Nl

e emt e

groups {above), the probability of getting ¥ ranlis - 15 for ctodions 12-10

Jith vandon raniags is 51/160 (P~ 6 x 10 17y, Clearly the two groups

suygested by mavinmue chilorophyll values (Yahle 1) are real.

Total wator—colurn chilorophyll and maxivam chlorophyll valwe: at a

station are closcly related (16 stations: ro = 0.01, 1<<0.01): whatoever
a

is ceusing veciation, in chlorophyll concentrations appenrs to Lo el fenting

the chlorophyll tructure of the eculire wator colum in a oy ovont 1manag v

This effect is probably not o gsivple functionr of sovs paras: oy velatoed to
watrr depth, becouse the rapk correlarjon ot rovinus: chiloyor Lyl valne with
water dopth du only mirginally significant (r, == 0,51, '~ 0.05). Depihs o o

[

not so clearly dichotomized (Pable 1) as are navtiren chloropiy1l values and

intagretoed chlorophyll totals (Table 1).

Thers was 1o obvious chang- in non-ocranograyhic factors {(o.g. wind,

station plaw, obnovvational terhielores) vhich can account for Lhe shovp
betwwven-groun Gichntonicn in chiovo,hwll, Y also sooms unlikely thot any

chang: in dceborg boebavior coddd account for the dichsbvomics:  changes in

hydroqgrazhy {(bholow) 2o o bo ware Tikely candidateo,




orcantagal dantb be ety oy chboeodeste (oL ) IR ERPSITT
+
- citior doaieeat advect ton, ol deptly, of obilos AR I I S vty Gr
f residaal cffeern of pronoenced mising ov ot Phe Jolbers Gaount
[
E.i Dillon oo cala 1T (1976, 1970) foand (ht a vind of 240 htg (70
F
4 Blow Ty fov =2 days aren aved Lo pd st ec o we by apty de tor syt
and the socond mavima i sbotion 2,03, and Y oo 211 ot s .
i varintion in fern of protite dnoauyg Voo Gf IRSERS K
d
= Lo porede nd By o variabhle dateral i paalilon rante Feoly aine !
4
staliont 4, G, 7, 10) to "split vty as jo #o 5 and 17, (o Glavious
’ Liesin 2, 3, 15), and Lo station coTorne oyl T g
13, 14, 16). Cest 106 ccors to conbine: all thon ot . IR
A . ) . ]
: seale the o oclearly hotor Vi oo Coochloar!
- profiles, S I R e A e S L I S T L S R B
| YL Stavting witho etotion 12, the doirg fot iy
i radically (Fig. 1); in stetions 1=11, itz ove: Pt wee ‘ IR M
\
station, 1216, thee poth was nesrly Gue vont . Ao, EARR AN e e
;4 of the region Ao varintd o and nob wed) ow, , o and oue dnens Yoo 1eay

et 3
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however, Lhe Qais do duncelude Troqgoeend skl ohing

1 thal are suggestive of vevtical Tayering, and thorse chrngos ase 1o0me Freguaen

in pa2ofile

nearest the icchiorag.

Ve were unable to detecl melteaton o pisina cfDectn b e vt of thee

'

B vl e s " - ot . . -~ - - - - .
TCchr oy, Winece moae Paowere ocvaoealod, Our far- et ctarions goas vel?

- vesernlo thoge near the tochorg. Physieal cfdcrla of el o aoad 1 ising A

.
PR TR ., F : v oot L oeip . voa -~ PR :
probabdy e ined by peesent b our O daoas bat Bolow our tleesT i a of re it :

r‘ . dotoction:  Jo borgey (T078) did detccl oeonl, Tow saliniiy woetoe henind an

Arctic deeroye (e alao oot loon, T979Y 0 Tioves U, o ooy e dote o8 3

, e !

oy genorat ol Tt of e Theater wikdinggs Ovey 1ol e nr v dons eda e T
! 2000 1w Lo Live dochoryg (5000, G, 8=, 13 Lt dntcaeataed s (0 o ceyene T s,
. ’

7 [ [ ..
1 prar m7) groster thon oithoo far=ficld stoiioy | N
from 60 to 07 i Froo, ored dpy oo oy s e e
gonccatived Tateral viviny oF Loy eridT e g ten contd ca b el o

ef fect,  TIn adiition, ‘itabd 3 shony 00 iy ERE DY SRR SN RN tooliion

. occurs-d nearv tae deshorg, a veanlt oo lad BT e Lento vl s sre g o

misting Iaterwab iy,

: Many biotaaiesl ol Do syt T Ty Lo Doy Tag Ui Lo b oty o 2t
k. wilh the aie e fooiniaw ey s Coraia ing Ay el Eian tie e ol e s
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- LETERRE ER TR AR LR Pt Soditon (el TR davas), the ot e o ehe b
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hiologics)t ofifcel of moliwalor cven olose Glovguide L becd sry, Oue o dmngy
|
indicalasr of Liological activity was ehlovopleydl cnr vt Toys chitoeoy i
i io a tirc—-integral of plant gresmth rate an b coned it g 1o, Lo} ol e eeronn,
o other factora,  hettor dadicators of bhiological aciiviiy v b o . Ton

vales of prisoy produstivily, or rates and avounts of 1

.

Gho concentuotions of chilovo; T Goear ot Ul dnt s Taee ot o

3 vie d 1 oveor and decpory vater at all distancen Trow b8 e oo g o e 300 by

Teature of the region yadh o thoa o veaml !l GF der - v a1 e

1 chlorashyil i 1 provably a funclion o nole? fi Yo b ion; ovea <

- el avounl of wixing acro

Intornal woves) would provid: aaameh larg oy autrion: .
a4 il

. tue avea, than could el e tor Teoa s v

suonce, wo found po ontrilkineg o

cither nubvicnt concoabtraivions o

| system in which the deobhorg was ol 2ed i quite vors Lo L0 thn oot ia)
{ scales wo reasured, and Lhat syston socaed (o be undor alog oo
tenporal cvolut ion over the oboorvation povioed,  MThe i b ooses, sines!,

to have bhoeen ot dnto hat oysten vitlouwr biolagioally voobe Hiing 14 iy, oy

i o vy (hub o ¥, 1970 LG vy doehlaa SRR i AN B
" codtienrioa) ., PEEER STLINE BTN coodn Tmtacolic rocio e, oo Mo
- Ferevr o bovos aove s ledc v cooon. e, Do tebuatlae g SRR

anrdve ot longsTantin gy to o vield the gen it of sigaatraran

\ N

Lhe prescad , veh sroMor Avelio do Yoo (teo note ad T in
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